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COMPUTER SIMULATION OF GRADIENT DRIFT INSTABILITY
PROCESSES IN OPERATION AVEFRIA

1. INTRODUCTION

During May 6-20, 1978, Pongratz et al. (1978) conducted

two barium release experiments (Avefria Uno and Dos) near
Tonopah, Nevada. Shaped-charged releases of 1.45 kg of
metallic barium were detonated at an altitude of 192 km,
approximately 40 minutes before sunrise. One of the goals
of the experiment was to study effects of the highly direc-
ted jet of barium ions created by the detonation. Irreg-
ularities produced at some aistance from the explosion by
the jet were visible within 5-10 seconds of the detonation
(see Figure 1l). These were probably due to kinetic insta-
bilities, and will not be considered here. However, in the
vicinity of the detonation, a plasma cloud of roughly spher-
ical shape developed striations of the gradient-drift type
(Figs. 2-5). The spatial and temporal evolution of these
striations was noticably different from that observed in
larger barium releases. The onset of striations in the
Avefria Dos cloud occurred 135 seconds after detonation, as
opposed to times greater than approximately 300 seconds for

larger barium clouds (Davis et al., 1974). The Avefria Dos

cloud attained what might be called a "fully developed state"
approximately 3 minutes after detonation, as opposed to 15

to 20 minutes for the larger earlier releases (Davis et al.,

1974) . The structures emerging from the spherical portion

of the cloud, as shown in Figs. 4 and 5 are to be contrasted
Note: Manuscript submitted September 17, 1979.



with those seen in previous releases. The structures of
Figs. 4 and 5 are more amorphous or inkblot-like than the
long, parallel finger striations typical of larger releases
(e.g., Spruce, from Secede barium series, Fig. 6).

We believe that the rapid development of Avefria
gradient drift striations was due to its physical smallness
( ~1l km initial radius as opposed to approximately 5 km for
Spruce). For example, a linear analysis of the gradient
drift instability predicts the linear growth rateY is pro-

_l, where L is the cloud plasma density gra-

poftional to L
dient scale length. Consequently, all other things being
equal, physically small clouds grow faster according to
linear theory. The shape of the Avefria striations may
reflect a different ratio of cloud-to-background conduc-
tivity than that of earlier releases. These points will be
investigated by means of a one-level fluid model to be
described below. We feel the use of a one-level model to

be justified by the absence of a consistent non zero angle

between the striation axes and the neutral wind (Scannapieco,

et al., 1974). The direction of the neutral wind relative
to the plasma can be determined unambiguously from color
photographs showing the drift of the neutral detonation
debris clogd away from the plasma cloud. In agreement with
linear theory, the neutral wind direction coincides with the

direction of initial striation emergence (Fig. 2) (toward
the south). The radial arrangement of striations apparent



in Fig. 5 is believed to be a result of parallax and plasma

flowing preferentially along the magnetic field. The camera
used for Figs. 2-5 was pointed almost directly up the mag-
netic field. 1In this paper, section 2 describes the physical
equations used, section 3 contains the results from the nu-
merical simulations, and section 4 gives the summary and
comparison with the data.

2. EOUATIONS OF MOTION

A few simple arguments will suffice to justify the use
of a one-level field-line integrated Pedersen conductivity
model to describe the Avefria observations.

For conditions typical of 190 km altitude at sunrise,
both electrons and barium ions are magnetized: Ven/Qeiy
2x10—5, and V. /0, & 0.04, whereV and V., are respectively

in’ i en in
the electron and ion collision frequencies with the neutral
background; Qe and fa are electron and ion gyrofrequencies.

For these parameters, the ratio of the cloud's Hall to

Pedersen conductivities (Volk and Haerendel, 1971) is

approximately vin/(é’ or 0.04. Thus the cloud's field
line integrated conductivity is dominated by the Pedersen
component. The integrated conductivity of the background
ionosphere at twilight is also dominated by the Pedersen

component (Francis and Perkins, 1975) with the Hall-to-

Pedersen ratio being approximately 1/6. We can estimate
the cloud's integrated conductivity as follows. For the

parameters given above, the Pedersen conductivity is




where n is the ion number density. To obtain an approximate
lower limit on n, we assume that only 2% of the barium in
the device made up the visible spherical plasma cloud (the
pre-launch estimate of Pongratz et al., private communi-
cation, 1978, of the fraction of barium vaporized by the
detonation and available for ionization was 25%). Taking
the cloud to be 1 km in radius, we have n = 3.0 x lO7 cm“3
for the average barium ion density. The estimated cloud-
integrated Pedersen conductivity is then the diameter of
the cloud times the average conductivity, or ZE ~ 8.7 mho.
At the site of the Avefria tests, the integrated Pedersen

conductivity of the background ionosphere at twilight

(Francis and Perkins, 1975) is Eiﬁv 3.5 mho, assuming a

magnetic dip angle of 65° . Using 2% and 25% as lower and
upper bounds for the fraction of barium atoms ionized and
remaining in the spherical portion of the cloud, we find
the following lower and upper limits for the ratio of total
to background field-line integrated Pedersen conductivity:
3.5/1 and 32/1. Thus the Avefria barium clouds had high
enough conductivity that currents may be assumed to close
locally, obviating the need for a separate E layer in the

model. Two level model numerical simulations (one level for



the plasma cloud and one for the background ionosphere, E
or lower F region) of spatially large clouds have been per-

formed (Scannapieco et al., 1976; Doles et al., 1976) .

However, utilization of a one level model allows for higher
numerical simulation resolution than can be attained with
two levels.

Justification for a field-line integrated (and thus
two dimensional) model comes from the very high conduc-

tivity along the field. For the parameter regime

ven/ Qe<K min(1l, Vin/ Qi) (2)

we have (Volk and Haerendel, 1971)

o v V. .
__p en in 1 .
0” ~ e Vinz +le ’ (3)

where 0“ is the conductivity parallel to the magnetic
field. This ratio is much less than unity for all parts
of the ionosphere, and is of order 2x10_6 in the barium
cloud. Thus magnetic field lines may be taken to be
equipotentials, justifying the use of a field-~line inte-
grated continuity equation for n, and thus for the inte-

grated Pedersen conductivity:

z (le) = fO'p(XIYIz) dzl (4)




where z is along the magnetic field (curvature of the field
lines can be ignored to a high degree of accuracy). The
two dimensional (x,y) equations of motion for the one level

model are then

%:-v,(22)+v.(sz) (5)
V=-Zvexz (6)
v.(ZVd)):_E_:O .V Z (7)

where ¥, X, ¢, B, and Eo are respectively the plasma ve-
locity relative to the ambient plasma drift, the cross-
field diffusion coefficient, cloud-induced potential, mag-
netic field strength, and ambient electric field in the
neutral rest frame (the electrostatic approximation has
been used where E = Eo -V$ ). These equations are adapted

from McDonald et al. (1978).

The diffusion coefficient K in (5) is included in the
model for the sake of completeness, but for most of the
results to be presented here, its effects are small. Using
parameter values typical for an altitude of
190km at sunrise, one can approximate the cross-field

diffusion coefficient (McDonald et al., 1978) as follows:




K =~ Ko z (x,y)/ Zi,- (8)
where Ko = 1.5 x lO4 cm2/sec, and Z i = 3.5 mho. This is
a rough approximation in two regards: (1) it assumes that
a cloud-local diffusion coefficient can be applied to the
integrated conductivity; and (2) it assumes the cloud ions
diffuse at the same rate as the background ions. On both
accounts, (8) is to be regarded as an upper limit on the
classical (nonturbulent) cross-field ion diffusion co-
efficient.

Equations (5) - (7) can be put into nondimensional

form (McDonald et al., 1978) to show that cloud evolution

depends upon a dimensionless time

t' = t Vv/L (9)

and an effective Reynolds number

Re = VL/KO. (10)

Here V and L are respectively the plasma drift speed rela-
tive to the neutrals and initial gradient scale size. In
the simulations to follow, we have chosen V = 100 m/s, and
a Gaussian cloud radius of 1 km. Until diffusion effects
become important, results from the simulations can be scaled
to arbitrary V and L, using (9) to determine ‘t.
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3. NUMERICAL SIMULATIONS: A CONDUCTIVITY RATIO STUDY

We have solved numerically egs. (5) = (7) for five
different ratios M = g max/ Ty where gy max IS the maximum
Pedersen conductivity integrated through the center of a
Gaussian ion cloud, and éi is the integrated conductiVity

for the background ionosphere. The initial conditions were

of the form

‘ 2 2 2
£ (x,y)/ %, = [1 + (m-1) "X T YR ](1 +e (x,3))

(11)

The five conductivity ratios were M = 2, 5, 15, 30, and 80.
The Gaussian radius R was 1 km for all cases. The pertur-
bation € (x,y) was generated by assigning random phases to
a Gaussian autocorrelation function, Fourier transforming
from wavenumber space to physical space, and normalizing to
a root-mean-square value of 0.03. The same sequence of
random phases was used in all cases.

Equation (5) was integrated in time using a fully
multidimensional leapfrog-trapezoidal flux-corrected trans-
port (FCT) algorithm developed by.EE}EEEE_(1979)‘ The al-
gorithm is basically fourth order in space and second order
in time, and uses a nonlinear flux-limiter to eliminate
spurious oscillations due to numerical dispersion, while
at the same time minimizing numerical diffusion. This is

the same algorithm as that used in the previous work of



McDonald et al., (1978). Equation (7) was solved at each

time level using a regridded Chebychev relaxation method
{McDonald, 1977). The resulting code is vectorizable and

executes at high efficiency on the Texas Instruments ASC.

The computational mesh consisted of 162 x 82 grid pointls

in the x and y directions. The x direction is taken to be
the direction of the neutral wind with respect to the am-
bient plasma. The mesh spacing was 30 m in both directions.
The timestep was allowed to vary so as to attain the max-
imum value permitted by the Courant-Friedricks-Lewy (CFL)
stability criterion. For the conductivity ratio set (2, 5,
15, 30, 80) the numbers of timesteps required to reach 240
sec were (800, 1943, 3725, 4896, 7520). The boundary con-
ditions are periodic in y and Neumann in x ( 3/.9x = 0).
This gives a more realistic representation of inflow~outflow
in the wind direction than doubly periodic ot Dirichlet
boundary conditions used in previous codes.
4. SUMMARY AND COMPARISON WITH DATA

Figures 7 and 8 summarize all five numerical simulations
described above. Contour plots of X (x,y) are arranged
with the conductivity ratio M increasing downward and time
increasing to the right. This composite arrangement of con-
tour plots makes clear the effect of total-to-background in-
tegrated conductivity ratio upon cloud evolution. At low
and high cloud conductivities (M~ 1 and M >> 1) striation

onset occurs late. At an intermediate M value, the onset tinm

e



attains a minimum. The M = 5 case develops most rapidly
of the cases presented here, with onset at approximately
80 seconds, equivalent to eight linear growth times L/V.
At low cloud conductivity, the interior of the cloud is
shielded only weakly from the external electric field Eo’
so that all portions of the cloud tend to drift in a
nearly solid body fashion at the ambient drift speed. At
high cloud conductivity, the interior of the cloud is almost
totally shilded from Eo’ resulting in a nearly solid body
translation with the neutral wind. Irregularities do de-
velop on the backside of the cloud in the M = 80 case,
but they are convected rapidly around the cloud's perimeter
and into the stable frontside. At the intermediate values
of M, the interior of the cloud is only partially shielded
from Eo’ resulting in appreciable velocity differences
among different parts of the cloud. This accounts for the
rapid development of striations at intermediate M values.

This is in qualitative agreement with a result of
Linson (1975). Linson assumes an elliptically shaped cloud
with constant interior and exterior plasma densities of
different values (a waterbag model). In Figure 9 are plotted
onset times (determined by visual inspection of contour plots)
versus M. The filled dots are from Figures 7 and 8, while the
unfilled dots are from earlier simulations not presented here.

The solid curve is from Linson's (1975) waterbag model, for which

10
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!

a a a -1
[— ot (423 + 1+ Do ] (12)

and

a = M-1. (13)

In (12) a and b are the cloud's principal radii in the

directions parallel and perpendicular to the neutral wind,
respectively. For large M, a best fit to our results occurs
for a = R and b = 2R. Exact agreement with this model is |
not to be expected since we have neither an elliptical

cloud nor discontinuities between two constant densities.
Linson's model best fits the highest conductivity ratios

(M 25) as one might expect. The severe steepening on the

highest conductivity clouds results in a sharp drop in in-

tegrated conductivity from the cloud peak value to the
background ionospheric value - |
Irregularity power spectra descriptive of the late
time results are shown in Figures 10 and 1l1l. They are
from the M = 30 case at 160 sec and 238 sec., respectively.
In each case simulation results are plotted as dots. The
solid lines are least-squares fits of the data to the spec-

tral form of Rufenach (1974),

11




2 5 N/2
P{k) « (k" + k%) (14)
The fit constants N and ko are given in the upper right
of each plot. The value of ko is given in units of the

fundamental wavenumber

kl = 2 n/D (15)
In the y direction, D is the system size, 2.4 km. 1In
the x direction, D is twice the system size, or 9.6 km
because of the Neumann boundary condition in x. Each one
dimensional spectrum is obtained by summing the two dimen-
sional spectral power over the transverse wavenumber. Be-
fore complete bifurcation of the cloud (Figure 10) both x
and y spectral indices N are between -2 and -3, in agree-

ment with typical in situ observations (Kelley et al., 1979)

made during the STRESS barium releases. After bifurcation
of the cloud into several separate pieces (Figure 1l1l), the
x spectral index remains between -2 and -3, while the y
index drops below -4.
The above spectral results are typical of all simu-
lations presented here. Only the post-bifurcation y
spectrum seems to be in disagreement with previouslyiexisting

measurements. This is probably because in actual barium

clouds complete bifurcation is seldom achieved. The evolution

12



of the Avefria Dos cloud before about 200 seconds (Figure
4)seems consistent with simulation results. Beyond 200
seconds, all simulation cases except M = 80 show complete
bifurcation of the cloud into two or more parts. This is
to be contrasted with the observed evolution shown in Figure
5 (314 sec). Fine structuring is evident, but complete bi-
furcation has not been achieved. The reason for this dis-
agreement between simulation and experiment is not under-
stood, but is a subject of continuing investigation.
Considering the dependence of onset time upon conduc-
tivity ratio evident in Figs. 7 and 8, what are the impli-
cations of the observed 135 sec onset time for Avefria Dos
(Fig. 2)? 1If our estimates R = 1 km and V = 100 m/s are
correct, then the observed onset time of 135 sec is in close
agreement with the calculations for conductivity ratios M = 2

and 30. The estimated 1limits on the conductivity ratio given

|

!

|

earlier then favor M = 30 as being the proper ratio. If however,

the experimental data were R = 1.7 km as suggested by Linson

(private communication, 1979), and V = 125 m/sec as suggeste
by Pongratz (private communication, 1978), the scaling law (9
implies that we should expect onset at 99 sec in the simulati
This would occur for M between 2 and 5 or between 15 and 30.

The larger M values falls comfortably within the estimated

range 3.5 - 32 given earlier. Thus, given moderate uncer-

d
)

on.

tainties in the values of the neutral wind speed and the cloud's

effective Gaussian radius, the simulations suggest that the

13




conductivity ratio of the Avefria Dos was between 15
and 30.

Despite some unresolved difference at late times, the
numerical simulation results presented here definitely show
that physically small (Gaussian radius = 1 km) barium clouds
will attain well developed structure much more rapidly than
large (Gaussian radius 5-10km) barium clouds, all other
parameters being similar. Indeed, these times can be an order

of magnitude different.
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Fig. 1 - Avefria Uno at 22 seconds photographed at a station almost
directly below the detonation point, The magnetic dip angle is ap-
proximately 65°. Small scale structures parallel to the magnetic
field are believed to be the result of kinetic instabilities.
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Fig. 2 - Avefria Dos at 135 seconds photographed at a station
nominally on the same geomagnetic field line as the detonation
point. Thus the plane of the photograph is transverse to B.

At 135 seconds, gradient drift striations are just beginning
to emerge.
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Fig. 3 - Same as Figure 2 at 151 seconds
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Fig. 4 - Same as Figure 2 at 211 seconds
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Fig. 5 - Same as Figure 2 at 314 seconds
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Fig. 7 - Simulated cloud evolution for various values of
peak~-to-background integrated Pedersen conductivity ratios,

Time increases to the right and conductivity ratio increases
downward,
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Fig. 8 = Simulated cloud evolution for various values of peak-
to-background integrated Pedersen conductivity ratios. Time

increases to the right and conductivity ratio increases down-
ward,
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COMMANDER
HARRY OIAMONO LABORATORIES
DEPARTMENT OF THE ARMY
2800 POWOER MILL ROAO
ADELPHI, MO 20783
(CNWDI-INNER ENVELDPE: ATTN: DELHD-RBH)
01CY ATTN DELHO-TI M. WEINER .
01CY ATTN DELHD-RB R. WILLIAMS
01CY ATTN DELHO-NP F. WIMENITZ
01CY ATTN DELHO-NP C. MOAZED

COMMANDER
U.S. ARMY COMM-ELEC ENGRG INSTAL AGY
FT. HUACHUCA, AZ 85613

01CY ATTN CCC-EMED GEORGE LANE

COMMANDER
U.S. ARMY FDREIGN SCIENCE § TECH CTR
220 7TH STREET, NE
CHARLOTTESVILLE, VA 22901
01CY ATTN DRXST-50
01CY ATTN R. JONES

COMMANDER
U.S. ARMY MATERIEL DEV & READINESS CMD
5001 EISENHOWER AVENUE
ALEXANDRIA, VA 22333
01CY ATTN DRCLDC J. A. BENDER

COMMANDER
U.S. ARMY NUCLEAR AND CHEMICAL AGENCY
7500 BACKLICK ROAD
8LDG 2073
SPRINGFIELO, VA 22150
01CY ATTN LIBRARY

OIRECTOR

U.S. ARMY BALLISTIC RESEARCH LABS

ABERDEEN PRDVING GROUNO, MD 21005
01CY ATTN TECR LIB EDWARO BAICY

COMMANDER
U.S. ARMY SATCOM AGENCY
FT. MONMOUTH, NJ 07703

01CY ATTN DOCUMENT CONTROL

COMMANDER
U.S. ARMY MISSILE INTELLIGENCE AGENCY
REOSTONE ARSENAL, AL 35809

01CY ATTN JIM GAMBLE

DIRECTOR
U.S. ARMY TRADOC SYSTEMS ANALYSIS ACTIVITY
WHITE SANDS MISSILE RANGE, NM 88002

01CY ATTN ATAA-S5A

01CY ATTN TCC/F. PAYAN JR.

01CY ATTN ATAA-TAC LTC J. HESSE

COMMANDER
NAVAL ELECTRONIC SYSTEMS COMMAND
WASHINGTON, D.C. 20360
01CY ATTN NAVALEX 034 T. HUGHES
01CY ATTN PME 117
0ICY ATTN PME 117-T
01CY ATTN CODE 5011

COMMANDING DFFICER
NAVAL INTELLIGENCE SUPPORT CTR
4301 SUITLANO ROAD, BLDG. S
WASHINGTON, D.C. 20390
01CY ATTN MR. OUBBIN STIC 12
01CY ATTN NISC-50
01CY ATTN CODE S404 J. GALET
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COMMANDER
NAVAL SURFACE WEAPONS CENTER
DAHLGREN LABORATORY
DAHLGREN, VA 22448

01CY ATIN CDDE OF-14 R. BUTLER

COMMAND ING OFFICER

NAVY SPACE SYSTEMS ACTIVITY

P.0. BOX 92960

WORLDWAY PDSTAL CENTER

LDS ANGELES, CA. 90009
01CY ATTN CDDE 52

DFFICE OF NAVAL RESEARCH

ARLINGTON, VA 22217
01CY ATTN CODE 465
01CY ATTN CODE 461
01CY ATTN CDDE 402
01CY ATTN CODE 420
0ICY ATTN CODE 421

COMMANDER
AEROSPACE DEFENSE COMMAND/DC
DEPARTMENT OF THE AIR FDRCE
ENT AFB, CD 80912

01CY ATTN OC MR. LONG

COMMANDER
AERDSPACE OEFENSE COMMAND /XPO
DEPARTMENT OF THE AIR FDRCE
ENT AFB, CO 80912

01CY ATTN XPOQQ

01CY ATTN XP

AIR FDRCE GEOPHYSICS LABORATDRY
HANSCOM AF8, MA 01731
01CY ATTN DPR HAROLO GARDNER
01CY ATTN DPR-1 JAMES C. ULWICK
01CY ATTN LKB KENNETH S. W. CHAMPION
01CY ATTN OPR ALVA T, STAIR
01CY ATTN PHP JULES AARONS
01CY ATTN PHD JURGEN BUCHAU
01CY ATTN PHD JOWN P, MULLEN

AF WEAPONS LABORATORY
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01CY ATTN CA ARTHUR H. GUENTHER
01CY ATTN DYC CAPT J, BARRY
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AIR FORCE AVIONICS LABORATDRY
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WASHINGTON, O.C. 20330

01CY ATTN AFROQ

HEADQUARTERS
ELECTRONIC SYSTEMS OIVISION/XR
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HANSCOM AF8, MA 01731

01CY ATTN XR J. OEAS

HEADQUARTERS
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OEPARTMENT OF THE AIR FORCE
HANSCOM AFB, MA 01731

01CY ATTN YSEA




COMMANDER

NAVAL OCEAN SYSTEMS CENTER

SAN D1E60, CA 92152
03CY ATTN CODE 532 W. MOLER
01CY ATTN CDDE 0230 C. BAGGETT
0I1CY ATTN CDOE 81 R. EASTMAN

OIRECTOR
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WASHINGTON, 0.C. 20375
0ICY ATTN CDOE 6700 TIMOTHY P, COFFEY
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01CY ATTN CODE 6701 JACK O. BROWN
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01CY ATTN CODE 7551
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WASHINGTON, D.C. 20362
01CY ATTN CAPT R. PITKIN

COMMANDER
NAVAL SPACE SURVEILLANCE SYSTEM
OAHLGREN, VA 22448

01CY ATTN CAPT J. H. BURTDN

DFF1CER-IN-CHARGE

NAVAL SURFACE WEAPONS CENTER

WHITE OAK, SILVER SPRING, MD 20910
01CY ATTN CODE FZ1

OlRECTOR
STRATEGIC SYSTEMS PROJECT DFFICE
OEPARTMENT OF THE NAVY
WASHINGTON, 0.C. 20376
01CY ATTN NSP-214l
01CY ATTN NSSP-2722 FRED WIMBERLY

NAVAL SPACE SYSTEM ACTIVITY

P. 0. BOX 92960

WDRLODWAY POSTAL CENTER

LOS ANGELES, CALIF. 90909
0ICY ATTN A. B. HAZZARD

HEADQUARTERS
ELECTRONIC SYSTEMS DIVISION/DC
OEPARTMENT OF THE AlR FORCE
HANSCOM AF3, MA 01731

0ICY ATTN DCKC MAJ J. C. CLARK

HEADQUARTERS
ELECTRONIC SYSTEMS DIVISION, AFSC
HANSCOM AFB, MA 01731

01CY ATTN XRW

0ICY ATTN JAMES WHELAN

COMMANDER

FOREIGN TECHNOLOGY DIVISIDN, AFSC

WRIGHT-PATTERSON AFB, OH 45433
01CY ATTN NICO LI1BRARY
01CY ATTN ETOP B. BALLARD

COMMANDER
ROME AlR DEVELDPMENT CENTER, AFSC
GRIFFISS AFB, NY 13441
01CY ATTN DOC LIBRARY/TSLD
01CY ATTN UCSE V. CDYNE

SAMSD/S2
POST OFFICE 80X 92960
WDRLOWAY PDSTAL CENTER
LOS ANGELES, CA 90009
(SPACE DEFENSE SYSTEMS)
01CY ATTN S2J
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STRATEGIC AIR COMMAND/XPFS

OFFUTT AFB, NB 68113
01CY ATTN XPFS MAJ B. STEPHAN
01CY ATTN ADWATE MAJ BRUCE BAUER
01CY ATTN NRT
0ICY ATTN DOK CHIEF SCIENTIST

SAMSO/YA
P. D. BDX 92960
WDRLOWAY POSTAL CENTER
LDS ANGELES, CA 90009
01CY ATTN YAT CAPT L. BLACKWELDER

SAMSO/SK
P. 0. BOX 92960
WORLDWAY PDSTAL CENTER
LDS ANGELES, CA 90009
01CY ATTN SKA (SPACE COMM SYSTEMS) M. CLAVIN

SAMSD /MN
NORTON AFB, CA 92409
(MINUTEMAN)

01CY ATTN MNNL  LTC KENNEDY

COMMANDER
ROME AIR DEVELDPMENT CENTER, AFSC
HANSCOM AFB, MA 01731

01CY ATTN EEP A. LORENTZEN

OEPARTMENT OF ENERGY

DEPARTMENT OF ENERGY
ALBUQUERQUE OPERATIDNS OFFICE
P, D. BDX 5400
ALBUQUERQUE, NM 87115
01CY ATTN DOC CON FOR D. SHERWOOD

DEPARTMENT OF ENERGY
LIBRARY ROOM G-0u42
WASHINGTON, D.C. 20545
01CY ATTN DDC CON FOR A. LABOWITZ

EGEG, INC.
LDS ALAMOS DIVISION
P. 0. BOX 809
LOS ALAMOS, NM  855u4k
01CY ATTN DOC CON FOR J. BREEDLOVE

UNIVERSITY OF CALIFORNIA

LAWRENCE L IVERMORE LABDRATDRY

P. D. BDX 808

L1VERMORE, CA 94550
01CY ATTN 0OC CON FOR TECH INFD DEPT
0l1CY ATTN 0OOC CON FOR L-389 R, OTT
OICY ATTN DOC CDN FOR L-31 R. HAGER
01CY ATTN DOC CON FOR L-46 F, SEWARD

LDS ALAMOS SCIENTIFIC LABORATORY
P. 0. BOX 1663

LDS ALAMOS, NM B7545

OICY ATTN DDC CDN FOR J. WDLCDTT
01CY ATTN DOC CON FDR R. F., TASCHEK
01CY ATTN DOC CON FDR E. JONES

01CY ATTN DDC CDN FDR J. MALIK

0l1CY ATTN DOC CDN FOR R. JEFFRIES
01CY ATTN DOC CON FDR J. ZINN

01CY ATTN DOC CON FOR P. KEATON
01CY ATTN DDC CON FDR D. WESTERVELT

SANDIA LABDRATORIES
P. 0. BDX 5800
ALBUQUERQUE, NM 87115
01CY ATTN DOC CON FOR J. MARTIN
01CY ATTN OOC CON FDR W. BROWN
O0ICY ATTN DDC CDN FDR A. THCRNBROUGH
01CY ATTN DDC CON FDR T. WRIGHT
0ICY ATTN OOC CON FOR D. OAHLGREN
01CY ATTN DOC CDN FDR 3141
01CY ATTN DDC CON FCR SPACE PROJECT OIV



SANDIA LABORATORIES

LIVERMORE LABORATORY

P. 0. BOX 969

LIVERMORE, CA 94550
01CY ATTN OOC CON FOR 8. MURPHEY
01CY ATTN DOC CON FOR T. COXK

OFFICE OF MILITARY APPLICATION
QEPARTMENT OF ENERGY
WASHINGTON, D.C. 20545

01CY ATTN OOC CON FOR 0. GALE

OTHER GOVERNMENT

CENTRAL INTELLIGENCE AGENCY
ATTN RO/SI, RM 5G48, HQ BLDG
WASHINGTON, D.C. 20505

01CY ATTN OSI/PSIO RM SF 19

DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDAROS
WASHINGTON, 0.C. 20234
CALL CORRES: ATTN SEC OFFICER FOR)
01CY ATTN R. MOORE

OEPARTMENT OF TRANSPORTATION

OFFICE OF THE SECRETARY

TAD-44,1, ROOM 10402-8

400 7TH STREET, $.W.

WASHINGTON, 0.C. 20590
01CY ATTN R. LEWIS
01CY ATTN R. OOHERTY

INSTITUTE FOR TELECOM SCIENCES
NATIONAL TELECOMMUNICATIONS & INFO ADMIN
BOULDER, CO 80303
01CY ATTN A. JEAN (UNCLASS ONLY)
01CY ATTN W. UTLAUT
01CY ATTN O. CROMBIE
01CY ATTN L. BERRY

NATIONAL QCEANIC § ATMQSPHERIC ADMIN
ENVIRONMENTAL RESEARCH LABORATORIES
OEPARTMENT OF COMMERCE
BOULDER, CO 80302

01CY ATTN R. GRUBB

01CY ATTN AERONOMY LAB G. REIO

NASA
GODDARQ SPACE FLIGHT CENTER
GREENBELT, MD 20771

01CY ATTN P. CORRIGAN

OQEPARTMENT OF OEFENSE CONTRACTORS

AERQSPACE CORPORATION

P. 0. BOX 92957

LOS ANGELES, CA 90009
0I1CY ATTN 1. GARFUNKEL
01CY ATTN T. SALMI
01CY ATTN V. JOSEPHSON
01CY ATTN S. BOWER
01CY ATTN N. STOCKWELL
01CY ATTN O. OLSEN
01CY ATTN J. CARTER
01CY ATTN F. MORSE
01CY ATTN SMFA FOR PWW

ANALYTICAL SYSTEMS ENGINEERING CORP
5 OLO CONCORO ROAD
BURLINGTON, MA 01803

01CY ATTN RAOIO SCIENCES

BERKELEY RESEARCH ASSOCIATES, INC.
P. 0. BOX 983
BERKELEY, CA 94701

01CY ATTN J. WORKMAN
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BOEING COMPANY, THE

P. 0. BOX 3707

SEATTLE, WA 98124
0l1CcY ATTN G. KEISTER
0l1CY ATTN Q. MURRAY
01CY ATTN G. HALL
01CY ATTN J. KENNEY

CALIFORNIA AT SAN OIEGO, UNIV OF
IPAPS, B-019
LA JOLLA, CA 92093

01CY ATTN HENRY G. BOOKER ‘

BROWN ENGINEERING COMPANY, INC. l
CUMMINGS RESEARCH PARK
HUNTSVILLE, AL 35807

01CY ATTN ROMEO A. OQELIBERIS

CHARLES STARK DRAPER LABORATORY, INC.
555 TECHNOLOGY SQUARE
CAMBRIDGE, MA 02139

01CY ATTN O. 8. COX

01CY ATTN J. P. GILMORE

COMPUTER SCIENCES CORPORATION

6565 ARLINGTON BLVD

FALLS CHURCH, VA 22046
0lCY ATTN H. BLANK
01CY ATTN JOHN SPOOR
01CY ATTN C. NAIL

COMSAT LABORATORIES

LINTHICUM ROAD

CLARKSBURG, MD 20734
01CY ATTIN G. HYQE

CORNELL UNIVERSITY '
DEPARTMENT OF ELECTRICAL ENGINEERING
ITHACA, NY 14850

01cY ATTN O. T. FARLEY JR

ELECTROSPACE SYSTEMS, INC.
BOX 1359
RICHARDSON, TX 75080
01CY ATTN H. LOGSTON
01CY ATTN SECURITY (PAUL PHILLIPS)

ESL INC.

495 JAVA DRIVE

SUNNYVALE, CA 94086
01CY ATTN J. ROBERTS
01CY ATTN JAMES MARSHALL
0l1CY ATTN C. W. PRETTIE

FORD AERDSPACE § COMMUNICATIONS CORP
3939 FAGIAN WAY
PALO ALTO, CA 94303

0lCY ATTIN J. T. MATTINGLEY

GENERAL ELECTRIC COMPANY

SPACE DIVISION

VALLEY FORGE SPACE CENTER

GODDARQ BLVD KING OF PRUSSIA

P. 0. BOX 8555

PHILADELPHIA, PA 19101
0l1CY ATTN M, H, BORTNER SPACE SCI LAB

GENERAL ELECTRIC COMPANY
P. 0. BOX 1122
SYRACUSE, NY 13201

01CY ATTN F. REIBERT

GENERAL ELECTRIC COMPANY
TEMPO-CENTER FOR ADVANCEQ STUOIES
816 STATE STREET (P.0. ORAWER QQ)
SANTA BARBARA, CA 93102

01CY ATTN OASIAC

01CY ATTN OON CHANDLER

01CY ATTN TOM BARRETT

01CY ATTN TIM STEPHANS

01CY ATTN WARREN S. KNAPP

01CY ATTN WILLIAM MCNAMARA

01CY ATTN B. GAMBILL

01CY ATTN MACK STANTON




GENERAL ELECTRIC TECH SERVICES CO., INC.
HMES
COURT STREET
SYRACUSE, NY 13201
01CY ATTN G. MILLMAN

GENERAL RESEARCH CORPORATION
SANTA BARBARA O1V1S1ON
P. 0. BOX 6770
SANTA BARBARA, CA 93111
01CY ATTN JOHN 1SE JUR
01CY ATTN JOEL GARBARINO

GEOPHYS1CAL INSTITUTE
UNIVERSITY OF ALASKA
FAIRBANKS, AK 99701
(ALL CLASS ATTN: SECURLITY OFFICER)
01CY ATTN T. N. OAVIS (UNCL ONLY)
01CY ATTN NEAL BROWN (UNCL ONLY)
01CY ATTN TECHNICAL L1BRARY

GTE SYLVAN1A, INC.
ELECTRONICS SYSTEMS GRP-EASTERN OlV
77 A STREET
NEEDHAM, MA 02194
01CY ATTN MARSHAL CROSS

1ILLINOLS, UN1VERSITY OF
DEPARTMENT OF ELECTRICAL ENGINEERING
URBANA, IL 61803

01CY ATTN K, YEH

ILLINOIS, UNIVERSLITY OF
107 COBLE HALL
801 S. WRIGHT STREET
URBANA, 1L 60680
(ALL CORRES ATTN SECURITY SUPERVISOR FOR)
01CY ATTN K. YEH

INSTLTUTE FOR DEFENSE ANALYSES

400 ARMY-NAVY ORIVE

ARLINGTON, VA 22202
01CY ATTN J. M. AEIN
01CY ATTN ERNEST BAUER
01CY ATTN HANS WOLFHARO
01CY ATTN JOEL BENGSTON

HSS, INC.
2 ALFREO CIRCLE
BEDFORD, MA 01730

01CY ATTN DONALO HANSEN

INTL TEL & TELEGRAPH CORPORATION
500 WASHINGTON AVENUE
NUTLEY, N 07110

01CY ATTN TECHNICAL L1BRARY

JAYCOR
1401 CAMINO DEL MAR
OEL MAR, CA 92014
01CY ATTN S. R. GOLDMAN

JOHNS HOPKINS UNIVERSITY

APPLIED PHYSICS LABORATORY

JOHNS HOPK INS ROAD

LAUREL, MD 20810
01CY ATTN DOCUMENT LIBRARIAN
01CY ATTN THOMAS PDTEMRA
01CY ATTN JOHN DASSOULAS

LDCKHEED MISSILES & SPACE CD INC
P. O. BDX 504
SUNNYVALE, CA 94088

01CY ATTN DEPT 60-12

01CY ATTN D. R. CHURCHILL

LDCKHEED MISSILES AND SPACE CD INC

3251 HANDVER STREET

PALD ALTD, CA Q4304
01CY ATTN MARTIN WALT DEPT 52-10
01CY ATTN RICHARD G. JOHNSON DEPT 52-12
01CY ATTN W. L. IMHOF DEPT 52-12
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KAMAN SCIENCES CDRP

P, 0. BOX 7463

COLORADO SPRINGS, CD 80933
01CY ATTN T. MEAGHER

LINKABIT CORP
10453 ROSELLE
SAN D1EGO, CA 92121
01CY ATTN IRWIN JACOBS

LOWELL RSCH FOUNDATION, UNIVERSITY OF
450 AIKEN STREET
LOWELL, MA 01854

01CY ATTN K. BIBL

M.1.T. LINCOLN LABORATORY

P. 0. BOX 73

LEXINGTON, MA 02173
01CY ATTN DAVID M. TOWLE
01CY ATTN P. WALDRON
01CY ATTN L. LOUGHLIN
01CY ATTN D. CLARK

MARTIN MARIETTA CORP
ORLANDO DIVISION
P, 0. BDX 5837
ORLANDO, FL 32805
01CY ATTN R. HEFFNER

MCDONNELL DOUGLAS CORPORATION
5301 BOLSA AVENUE
HUNTINGTON BEACH, CA 92647
01CY ATTN N. HARRIS
01CY ATTN J. MOULE
01CY ATTN GEORGE MROZ
01CY ATTN W. DLSON
01CY ATTN R. W. HALPRIN
01CY ATTN TECHNICAL LIBRARY SERVICES

M1SSION RESEARCH CORPDRATION

735 STATE STREET

SANTA BARBARA, CA 93101
01CY ATTN P. FISCHER
01CY ATTN W. F. CREVIER
01CY ATTN STEVEN L. GUTSCHE
01CY ATTN D. SAPPENFIELD
01CY ATTN R. BOGUSCH
01CY ATTN R. HENDRICK
01CY ATTN RALPH K1LB
01CY ATTN DAVE SOWLE
01CY ATTN F. FAJEN
01CY ATTN M. SCHE1BE
01CY ATTN CONRAD L. LONGMIRE
01CY ATTN WARREN A. SCHLUETER

MITRE CORPORATION, THE
P. 0. BDX 208
BEDFORD, MA 01730
01CY ATTN JOHN MORGANSTERN
01CY ATTN G. HARDING
01CY ATIN C. E. CALLAHAN

MITRE CORP
WESTGATE RESEARCH PARK
1820 OOLLY MADISON BLVD
MCLEAN, VA 22101
01CY ATTN W. HALL
01CY ATTN W. FOSTER

PACIF1C-SIERRA RESEARCH CORP
1456 CLOVERF 1ELD BLVD.
SANTA MONICA, CA 90404

01CY ATIN E. C. FIELD JR

PENNSYLVANIA STATE UNIVERSITY
1ONOSPHERE RESEARCH LAB
318 ELECTRICAL ENGINEERING EAST
UNIVERSITY PARK, PA 16802
(NO CLASSIFIED TO TH1S ADORESS)
01CY ATTN IONOSPHERIC RESEARCH LAB



PHDTDMETRICS, INC.
442 MARRETT ROAD
LEXINGTON, MA 02173
01CY ATTN IRVING L. KDFSKY

PHYSECAL OYNAMICS INC.
P. D. BOX 3027
BELLEVUE, wA 98009
0ICY ATTN E. J. FREMOUW

PHYSICAL OYNAMICS INC.
P. 0. BOX 1069
BERKELEY, CA 94701
01CY ATTN A. THOMPSON

R § O ASSOCIATES

P. D. BOX 9695

MARINA OEL REY, CA 90291
01CY ATTN FORREST GILMORE
0ICY ATTN BRYAN GABBARD
01CY ATTN WILLIAM B. WRIGHT JR
O0ICY ATTN ROBERT F. LELEVIER
OICY ATTN WILLIAM J. KARZAS
01CY ATTN H. ORY
01CY ATTN C. MACDONALD
01CY ATTN R. TURCO

RAND CDRPDRATION, THE

1700 MAIN STREET

SANTA MONICA, CA 90406
01CY ATTN CULLEN CRAIN
0ICY ATTN ED BEDRDZIAN

RIVERSIOE RESEARCH INSTITUTE
80 WEST ENO AVENUE
NEW YORK, NY 10023

0ICY ATTN VINCE TRAPANI

SCIENCE APPLICATIONS, INC.

P. D. BDX 2351

LA JDLLA, CA 92038
01CY ATTN LEWES M. LINSDN
01CY ATTN DANIEL A. HAMLIN
0ICY ATTN D. SACHS
01CY ATTN E. A, STRAKER
01CY ATTN CURTIS A. SMITH
0ICY ATTN JACK MCOOUGALL

RAYTHEON CO.
528 BDSTON PDST RDAD
SUDBURY, MA 01776
01CY ATTN BARBARA AOAMS

SCIENCE APPLICATIONS, INC.
HUNTSVILLE OIVISION
2109 W. CLINTON AVENUE
SUITE 700
HUNTSVILLE, AL 35805
01CY ATTN OALE H. OIVIS
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SCIENCE APPLICATIONS, INCDRPDRATED
8400 WESTPARK DRIVE
MCLEAN, VA 22101

01CY ATTN J. CDCKAYNE

SCIENCE APPLICATIONS, INC.

80 MISSION ORIVE

PLEASANTON, CA 94566
0ICY ATTN SZ

SRI ENTERNAT IDNAL

333 RAVENSWDDD AVENUE

MENLO PARK, CA 94025
01CY ATTN DONALD NEILSON
01CY ATTN ALAN BURNS
01CY ATTN G. SMITH
0l1CY ATTN L. L. CDBB
01CY ATTN OAVIO A. JOHNSON
01CY ATTN WALTER G. CHESNUT
O0ICY ATTN CHARLES L. RINO
01CY ATTN WALTER JAYE
01CY ATTN M. BARON
01CY ATTN RAY L, LEAOCABRAND
0ICY ATTN G. CARPENTER
0ICY ATTN G. PRICE
O0ICY ATTN J. PETERSON
01CY ATTN R. HAKE, JR.
01CY ATTN V. GONZALES
01CY ATTN D. MCDANIEL

TECHNOLOGY INTERNATIDNAL CDRP
75 WIGGINS AVENUE
BEDFORD, MA 01730

01CY ATTN W. P, BOQUIST

TRW DEFENSE & SPACE SYS GROUP

DNE SPACE PARK

REDONDO BEACH, CA 90278
01CY ATTN R. K. PLEBUCH
01CY ATTN S. ALTSCHULER
01CY ATTN O. OEE

VISIOYNE, INC.
19 THIRD AVENUE
NDRTH WEST INDUSTRIAL PARK
BURLINGTON, MA 01803
01CY ATTN CHARLES HUMPHREY
01CY ATTN J. W. CARPENTER




